INTRODUCTION
============

Cerebrovascular diseases (CVDs), including ischemic stroke (IS) and hemorrhagic stroke (HS), are the third most common cause of death worldwide, with a mortality rate of 86.5 per 100000 person-years (2016; IS, 43.4 per 100000 person-years; HS, 43.1 per 100000 person-years) \[[@b11-jkns-2018-0179]\]. Although mortality rates from IS and HS, combined, in developed countries, were almost halved from 1990 to 2013, the absolute number of people affected, globally, by both IS and HS, over that time period, has significantly increased \[[@b17-jkns-2018-0179]\]. Moreover, as the population ages and accessibility to imaging tests increases, the detection rate and incidence of CVD has increased annually \[[@b16-jkns-2018-0179],[@b19-jkns-2018-0179],[@b31-jkns-2018-0179],[@b32-jkns-2018-0179]\], and the guidelines for treatment is changing accordingly \[[@b1-jkns-2018-0179],[@b14-jkns-2018-0179],[@b30-jkns-2018-0179]\]. Although nationwide population-based studies on the epidemiology of cerebral stroke have been reported, few studies have analyzed the subtype of hemorrhagic stroke, despite a high proportion of HS (30.3--35.1%) accounting for overall stoke.

The National Health Insurance Service (NHIS) in Korea is a nationwide universal insurance system that is responsible for the nation's health care and medical bills; thus, this database includes hospital records for 97% of the Korean population. Furthermore, the NHIS operates a severe disease registration system, which supports medical expenses for patients, and for which strict diagnostic criteria must be met for registration. Accordingly, the NHIS database, which covers a single-ethnicity population of 50 million people, is optimal for the epidemiological study of HS.

Therefore, we analyzed the incidence and treatment trends of hemorrhagic stroke, according to subtypes, using NHIS data from January 2005 to December 2016.

MATERIALS AND METHODS
=====================

Data source and cohort design
-----------------------------

We used data from the national health-claim database provided by the NHIS for 2005--2016. Patients that had been diagnosed with CVD during the preceding 3 years at any clinic or hospital were excluded from selected incident cases, which were different from prevalent cases. To secure a 3-year washout period, we used 2008 as the index year; thus, the total observation period of the reconstructed cohort was 9 years (2008--2016). We extracted only data from tertiary referral general hospitals (TRGH), general hospitals (GH), semi-hospitals (SH), and primary medical institutions to increase confidence in medical information. We excluded other medical institutions where medical information was not clear. This study was approved by Institutional Review Board at Seoul National University Bundang Hospital (X-1703-388-909), which waived informed consent.

Using the International Classification of Diseases, 10th Revision (ICD-10) diagnostic codes, we collected data from patients with CVD associated with hemorrhagic stroke, which included intracranial aneurysm (IA), hypertensive intracerebral hemorrhage (ICH), and arteriovenous malformation (AVM). Patients must have been diagnosed for the first between January 2008 and December 2016.

Study population
----------------

### Intracranial aneurysm

We identified patients with unruptured IA (UIA) in each year using the I67.1 ICD code. Patients in whom a UIA subarachnoid hemorrhage (SAH) had been diagnosed within 3 years prior to the index period or patients who reported any brain hemorrhage (e.g., I60, I61, and I62) or history of brain trauma during the index period were excluded.

Patients with ruptured IA (RIA), diagnosed for the first time during 2008--2016, were identified using the I60 ICD codes, excluding I60.8 (meningeal hemorrhage and rupture of cerebral arteriovenous malformation). We included only patients admitted with ≥7 days of hospitalization, or patients who died within 14 days of hospitalization, and excluded patients who were hospitalized \<7 days so as not to overestimate the number of patients with aneurysm ruptures, as patients with ruptures are usually hospitalized for \>7 days to manage vasospasm in South Korea. In addition, patients in whom a SAH had been diagnosed within 3 years prior to the index period or who had history of brain trauma during the index period were also excluded.

Regarding patients diagnosed with UIA or RIA, this study included only patients for whom the use of diagnostic modalities such as computed tomography angiography (CTA), magnetic resonance angiography (MRA), or digital subtraction angiography (DSA) within 4 weeks from the initial diagnosis were reported. We also excluded pediatric patients younger than 20 years because the pathophysiology of pediatric IA is different from that of adult IA \[[@b10-jkns-2018-0179],[@b22-jkns-2018-0179],[@b24-jkns-2018-0179]\].

### Intracerebral hemorrhage

Patients diagnosed with ICH were identified using the I61 ICD code. We included only patients admitted with ≥3 days of hospitalization or patients who died within 3 days of hospitalization, with the same ICD-10 code, to avoid including patients with old hemorrhages. In addition, patients with a history of CVD, diagnosed within 3 years prior to the index period, and patients with other causes of brain injury (e.g., brain trauma and brain tumor), were excluded. We excluded patients with IA, AVM, and cavernous malformation (CM); thus, only patients diagnosed with hypertensive ICH were included. When assessing intracerebral hemorrhage, we also excluded pediatric patients younger than 20 years because spontaneous childhood ICH is due mostly to vascular malformations \[[@b4-jkns-2018-0179]\].

### Arteriovenous malformation

We identified patients with unruptured AVM using the Q28.2 ICD code omitting I60, I61, I62, Q28.3, or D18.01, to exclude ruptured AVM or CM. Additionally, we recruited only patients for whom the use of diagnostic modalities such as CTA, MRA, or DSA within 4 weeks from the initial diagnosis were performed. This criterion was also applied to ruptured AVM. Patients in whom an AVM or CM had been diagnosed within 3 years prior to the index period were excluded.

Patients diagnosed with ruptured AVM were identified using the I60.8 ICD code or Q28.2 with I60 or I61, which indicated intracranial hemorrhage and excluded Q28.3 or D18.01, which are the ICD codes for CM. We included only patients admitted with ≥3 days of hospitalization or patients who died within 3 days of hospitalization, with the same ICD-10 code, to avoid including patients with a previously ruptured AVM. Additionally, patients in whom a ruptured AVM or CM had been diagnosed within 3 years prior to the index period were excluded.

Data analysis
-------------

### Incidence of cerebrovascular diseases

We performed data manipulation and extraction using SAS version 9.4 (SAS Institute Ins., Cary, NC, USA). The annual crude incidence was calculated for each CVD instead of overall crude incidence because the incidence of CVD changed annually. First, the number of cases of CVD, diagnosed for the first time from 2008 to 2016, was obtained. Then, the annual crude incidence of CVD was calculated using the total population of each year, which had been corrected for the number of deaths and births in each year. In addition, the annual crude incidence of each CVD according to age and sex were also obtained. The standardized incidence of each CVD was deduced from the crude incidence using the formula below, after correcting for demographic bias in this cohort relative to the national population structure (P~i~ = proportion of each age / sex group of the national population; I~i~ = incidence of each age / sex group of the cohort population).
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In addition, the age-specific incidence was calculated to obtain the crude incidence for each age group, with the agegroups being defined in 10-year periods.

### Treatment for cerebrovascular diseases

Change in trend of treatment method and number of treatments were analyzed for each CVD, and change in number of treatments by region and hospital size were also analyzed. Treatments for UIA or RIA consisted of surgical clipping, defined using procedure codes S4641 and S4642 in the Korean Classification of Diseases (KCD) procedure codes, and endovascular coiling, defined using codes M1661 and M1662. As for the treatment of ICH, stereotactic aspiration was defined using codes N0323 and S4755 and KCD codes S4622 and N0333, for surgeries with craniotomy or craniectomy. Craniotomy for AVM was coded as S4652--S4654 and AVM embolization was defined with codes M1663--M1666. Finally, stereotactic radiosurgery (SRS) was defined using codes HD113 and HD114.

### Statistical analysis

Statistics were performed using SPSS version 22 (IBM Corp., Armonk, NY, USA). Spearman's rank-order correlation was used to determine the linear relationship of trend with pvalues and Spearman's coefficient (r). The Wilcoxon signed rank test was used to confirm the change in the variables each year. A *p*-value \<0.05 was regarded as statistically significant.

RESULTS
=======

Intracranial aneurysm
---------------------

### Incidence of intracranial aneurysm

The number of adult patients diagnosed with UIA in 2008 and 2016 were 11256 and 37997, respectively---an annual increasing rate of 29.7%. In 2016, both the crude incidence and age-standardized incidence were shown to have increased steadily (*p*\<0.01, r=1.0) and were calculated as 90.0 per 100000 person-year and 71.4 per 100000 person-years, respectively ([Fig. 1A](#f1-jkns-2018-0179){ref-type="fig"}). The number of patients diagnosed with RIA for the first time in 2008 and 2016 was 6389 and 6543, respectively, with a crude incidence of 16.8 per 100000 person-years and 15.5 per 100000 person-years, respectively. This finding demonstrated a significant decline over the 9 years (*p*\<0.01, r=-0.83). In addition, the age-standardized incidence of RIA was 12.6 per 100000 person-years in 2016, which was decreased from 2008 at a rate of 20.3% (*p*\<0.01, r=-0.97) ([Fig. 1B](#f1-jkns-2018-0179){ref-type="fig"}).

Overall, the incidence of UIA increased annually for all ages, and in 2016, the number of cases diagnosed among patients aged 60 years exceeded the number of cases diagnosed among patients aged 50 years. The age-specific incidence for each age group was the highest for 70 years, and the age-specific incidence for patients older than 50 years exceeded the overall crude incidence ([Fig. 2A](#f2-jkns-2018-0179){ref-type="fig"} and [B](#f2-jkns-2018-0179){ref-type="fig"}). Regarding RIAs, the number of cases with a diagnosed RIA was the highest in 50 years and the age-specific incidence for patients older than 50 years exceeded the overall crude incidence in 2016. For UIA and RIA, the rate of diagnosis in patients older than 60 years was 56.5% and 47.3%, respectively, in 2016---an increase from 52.6% and 42.1% in 2008, respectively ([Fig. 2C](#f2-jkns-2018-0179){ref-type="fig"} and [D](#f2-jkns-2018-0179){ref-type="fig"}).

Regarding the crude incidence according to sex, the crude incidence of UIA in female patients exceeded that of male patients in their 20s and was 1.9-times higher than in male patients in their 60s in 2016. Regarding RIAs, the crude incidence in female patients exceeded that in male patients in their 50s and was 2.6-times higher than in male patients in their 70s in 2016 ([Fig. 2](#f2-jkns-2018-0179){ref-type="fig"}).

### Treatment for intracranial aneurysm

The number of patients who underwent coil embolization (CE) for UIA in 2016 was 5162. This number increased 3.4- fold, with an increasing annual rate of 29.5%, over 9 years (*p*\<0.01, r=0.98). The number of patients who underwent clipping in 2016 was 3446. This number increased 2.3-fold, with an increasing annual rate of 16%, over 9 years (*p*\<0.01, r=1.0). CE has exceeded clipping since 2008 and was reported 1.5-fold more frequently than clipping in 2016 ([Fig. 3A](#f3-jkns-2018-0179){ref-type="fig"}).

Regarding RIAs, in 2016, 74.6% of patients, diagnosed with RIAs for the first time, were treated; 61.2% underwent CE and 38.8% underwent clipping. These numbers were comparable with those reported in 2008 when 72.5% of patients with RIA were treated (CE, 32.7%; clipping, 67.3%). The number of patients who underwent CE in 2016 was 2989. This number increased 2.0-fold, with an increasing annual rate of 12.2%, over 9 years (*p*\<0.01, r=1.0). In contrast to unruptured aneurysms, the number of patients who underwent clipping decreased with a decreasing annual rate of 4.9% (*p*\<0.01, r=-1.0). CE has exceeded clipping since 2014 and was 1.6-times more popular than clipping in 2016 ([Fig. 3B](#f3-jkns-2018-0179){ref-type="fig"}).

The number of patients older than 60 years who underwent CE for UIA increased 4-fold over 9 years; in 2016, 52.6% of all patients who underwent CE for UIA were aged over 60 years. In contrast, the number of patients older than 60 years who underwent clipping for UIA increased 2.6-fold over 9 years; in 2016, 50.1% of all patients who underwent clipping for UIA were over 60 years. Concerning RIAs, 66.6% of elderly patients diagnosed with RIA were treated in 2016---an increase from 63.0% in 2008. In 2016, 61.8% of elderly patients treated for RIA underwent CE, while clipping was performed in 382% of these patients. In 2008, CE was performed in 35.0% of patients and clipping was performed in 65.0% of patients ([Fig. 3](#f3-jkns-2018-0179){ref-type="fig"}).

Intracerebral hemorrhage
------------------------

### Incidence of intracerebral hemorrhage

The number of adult patients diagnosed with ICH in 2008 and 2016 were 18211 and 16174, respectively---a significantly decreasing trend (*p*\<0.01, r=-0.82). In 2016, the crude incidence and age-standardized incidence were calculated as 38.5 per 100000 person-years and 31.3 per 100000 person-years, respectively---decreased from 48.0 per 100000 person-year in 2008. Age-standardized incidence revealed a significantly decreasing trend even greater than that of crude incidence (*p*\<0.01, r=-0.97) ([Fig. 4A](#f4-jkns-2018-0179){ref-type="fig"}).

While the number of patients in their 80s diagnosed with ICH increased by 26.6% (*p*\<0.01, r=-0.87), those in other age groups showed a decreasing trend over 9 years. Whereas, the age-specific incidence in all ages revealed a significantly decreasing trend over 9 years and the age-specific incidence for patients older than 50 years exceeded the overall crude incidence. The ratio of patients older than 60 years among the patients diagnosed with ICH was 64.5% in 2016, which was not significantly different from 2008 (*p*=0.21, r=0.47). The crude incidence in male patients was significantly higher compared with that in female patients (*p*=0.018) ([Fig. 4B](#f4-jkns-2018-0179){ref-type="fig"} and [C](#f4-jkns-2018-0179){ref-type="fig"}).

### Treatment for intracerebral hemorrhage

The ratio of patients treated for ICH did not significantly differ over 9 years (*p*=0.97, r=0.02) and ranged from 14.5% to 17.5%. The methods of operation were divided into craniotomy and stereotactic aspiration, and the number of stereotactic aspirations was higher than that of the craniotomies at 57.1% to 60.2% per year. The proportion of patients older than 80 years among all treated patients steadily increased from 6.1% in 2008 to 10.6% in 2016 (*p*\<0.01, r=0.90).

Arteriovenous malformation
--------------------------

### Incidence of arteriovenous malformation

Although there was no significant linear trend over 9 years, the number of patients diagnosed with unruptured AVM (UAVM) increased by 21.7% (925 in 2008 to 1126 in 2016) (*p*\<0.01, r=0.90) and the crude incidence and age-standardized incidence were 2.2 per person-year and 2.0 per 100000 person-years in 2016, respectively ([Fig. 5A](#f5-jkns-2018-0179){ref-type="fig"}). Meanwhile, the age-standardized incidence of ruptured AVM (RAVM) showed a decreasing trend from 2.9 person-years in 2008 to 2.4 per 100000 person-years in 2016 (*p*\<0.01, r=-0.93), despite the lack of significant change in the crude incidence over 9 years (*p*=0.05, r=0.67) ([Fig. 5B](#f5-jkns-2018-0179){ref-type="fig"}).

While the number of patients diagnosed with UAVM was highest among patients in their 40s in 2008, the number of patients older than 50 years showed the highest proportion in 2016, with a decrease in the proportion of patients under 50 years and a rise in the proportion in the patients older than 50 years. The age-specific incidence for each age group was the highest in patients aged 60 years, and the age-specific incidence for patients aged over 50 years exceeded the overall crude incidence. Although the number of patients older than 60 years diagnosed with UAVM increased annually (*p*\<0.01, r=-0.93), it accounted for only 27.4% of all patients diagnosed with UAVM in 2016 ([Fig. 6A](#f6-jkns-2018-0179){ref-type="fig"} and [B](#f6-jkns-2018-0179){ref-type="fig"}). The number of patients diagnosed with RAVM was highest for patients in their 50s, whereas the crude incidence of RAVM increased with age.

The proportion of patients aged over 60 years diagnosed was 50.7% in 2016, which was increased from 42.4% in 2008. Regarding the crude incidence according to sex, female patients older than 60 years tended to have a higher crude incidence than male patients older than 60 years, although the crude incidence of RAVM was not significantly different according to sex (*p*=0.86) ([Fig. 6C](#f6-jkns-2018-0179){ref-type="fig"} and [D](#f6-jkns-2018-0179){ref-type="fig"}).

### Treatment for arteriovenous malformation

Overall, 23.2% to 28.7% of patients diagnosed with AVM were treated annually. The rate of treatment increased until 2014, and then decreased to 23.2% in 2016. Craniotomy treatment has been declining since 2008, and only 3.5% of patients diagnosed with AVM underwent craniotomy in 2016. Embolization and SRS increased until 2014 and 2012, respectively, and then declined to 6.1% and 11.0%, respectively, in 2016. Among the patients who underwent gamma knife surgery (GKS), the proportion of patients who underwent embolization was the highest at 19.6% in 2014, but then decreased to 14.4% in 2016 ([Fig. 7](#f7-jkns-2018-0179){ref-type="fig"}).

DISCUSSION
==========

Intracranial aneurysm
---------------------

The incidence of IA has been previously reported in a study based on NHIS data from the National Evidence-based Healthcare Collaborating Agency in Korea. However, the applicability of these findings is limited because only data from 2006 to 2009 were included, although the findings of a previous study based on data from 2008 and 2009 were in line with ours, showing that there is continuity \[[@b20-jkns-2018-0179]\]. According to the results of this study, the crude incidence of UIA increased steadily from 29.6 per 100000 person-years in 2008 to 90.0 per 100000 person-years in 2016. This is probably due to the increased diagnosis rate with increasing number of hospitals performing DSA, magnetic resonance angiography, and computer tomography angiography. It is also possible that the population aged older than 60 years, who have high incidence of UIA, increased by 41.8% in 2016 compared to 2008. Therefore, it could be more accurate to define the incidence of UIA as the detection rate rather than the incidence of disease. On the other hand, in cases of RIA, both the crude incidence and age-standardized incidence significantly decreased from 2008, but the decline in the age-standardized incidence was greater than that of the crude incidence. This suggests that the actual incidence is decreasing when the effects of aging are corrected. This may be due to an increase in the treatment of UIA and the management of hypertension through health screening \[[@b21-jkns-2018-0179]\].

The reason for the increase in the number of treatments for UIA is the increase in the condition's detection, but the increase in hospitals capable of embolization is also an important factor. According to current data from the NHIS, the number of GH available to perform CE for UIA has increased 2.1-fold and the number of patients who underwent CE in GHs has increased 3.9-fold over 9 years. Meanwhile, the number of patients who underwent CE in TRGHs has increased 3.1-fold, although there was no significant change in the number of TRGHs available to perform CE. With respect to RIAs, the number of patients who underwent CE in GHs and TRGHs has increased 2.2-fold and 1.5-fold over 9 years, respectively.

The increased accessibility and the development of CE increased the treatment rate of IA in patients aged older than 60 years. The number of patients older than 60 years who were diagnosed with UIA increased by 190.1% over 9 years, while the number of embolization cases increased by 297.8%. In addition, the rate of treatment for patients diagnosed with RIA older than 60 years increased from 66.6% in 2008 to 63.0% in 2016. This is because clipping for RIA in patients aged older than 60 years decreased by 28.5%, while CE for RIA in patients older than 60 years increased by 114.5%.

Intracerebral hemorrhage
------------------------

Estimates of ICH incidence around the world vary, but have generally ranged from 10 to 20 per 100000 per years \[[@b33-jkns-2018-0179]\]. Chinese populations generally have a higher proportion of ICH among all types of stroke than Caucasian populations (17--51% vs. 6--20%, respectively) \[[@b36-jkns-2018-0179]\]. In this study, the proportion of ICH among all types of stroke was 16.3% in 2016, and the age-standardized incidence was 24.3 per 100000 person-years. The proportion of patients older than 80 years increased from 13.5% in 2008 to 19.3% in 2016, while the number of newly diagnosed patients older than 80 years increased by 26.6%. However, the crude incidence in patients older than 80 years decreased by 30.9% over 9 years. This means that the change in population structure due to the increase in the elderly population affected the incidence of ICH, and it is suggested that health management, such as the diagnosis of hypertension and control of blood pressure, through national health screening is one of the important factors for the decreasing age-standardized incidence \[[@b21-jkns-2018-0179]\].

According to this study, the proportion of patients treated for ICH ranged from 14.5% to 17.5% and stereotactic aspiration was slightly superior to conventional craniotomy, in Korea. As a guideline for the treatment of ICH, the usefulness of craniotomy for supratentorial ICH is not well established because randomized clinical trials (RCTs) demonstrated no overall benefit from early surgery \[[@b25-jkns-2018-0179],[@b26-jkns-2018-0179]\]. However, a recent meta-analysis reported that minimally invasive surgery is superior to conventional craniotomy \[[@b38-jkns-2018-0179]\] and other RCTs showed that minimally invasive surgery with recombinant tissue type plasminogen activator (tPA) is effective for reduction of perihematoma edema with a trend toward improved outcomes \[[@b26-jkns-2018-0179]\]. Furthermore, because a randomized phase 3 clinical trial on minimally invasive surgery plus tPA is currently underway \[[@b12-jkns-2018-0179]\], there is a possibility that the trends in the treatment of ICH will change.

Arteriovenous malformation
--------------------------

The incidence of AVMs according to population-based studies varied from 0.69 to 1.32 per 100000 person-years and the incidence of hemorrhage from AVM is 0.51 to 1.11 per 100000 person-year \[[@b2-jkns-2018-0179],[@b3-jkns-2018-0179],[@b5-jkns-2018-0179],[@b8-jkns-2018-0179],[@b18-jkns-2018-0179],[@b27-jkns-2018-0179]\]. In our cohort, the age-standardized incidence of UAVM and RAVM were 2.0 per 100000 person-years and 2.4 per 100000 person-years, respectively, which was higher compared with other population-based studies \[[@b2-jkns-2018-0179],[@b3-jkns-2018-0179],[@b5-jkns-2018-0179],[@b8-jkns-2018-0179],[@b18-jkns-2018-0179],[@b27-jkns-2018-0179]\]. Previous studies identified racial differences in hemorrhagic presentations of AVMs, with non-Caucasian populations demonstrating greater than threefold odds ratio compared with Caucasian populations, which supports the higher incidence found in our cohort \[[@b15-jkns-2018-0179],[@b39-jkns-2018-0179]\].

AVMs were treated in 26.8% of all AVM patients in 2008 and 28.4% of these patients in 2014. However, this percentage declined thereafter, and in 2016, only 23.2% of patients were treated. This seems to be related to the ARUBA (A Randomized Trial of Unruptured Brain Arteriovenous Malformations) study, which was published in 2014. The ARUBA trial showed that medical management alone is superior to medical management with interventional therapy for the prevention of death or stroke in patients with unruptured brain arteriovenous malformations followed up for 33 months. However, as the limitations of the ARUBA study have been mentioned, favorable outcomes of microsurgery, GKS, and combined treatments with endovascular embolization have been reported in subsequent studies on ARUBA-eligible patients \[[@b9-jkns-2018-0179],[@b29-jkns-2018-0179],[@b35-jkns-2018-0179],[@b37-jkns-2018-0179]\]. It is also expected that trends in treatment will change as postARUBA studies, such as the BARBADOS study \[[@b34-jkns-2018-0179]\] and TOBAS study \[[@b23-jkns-2018-0179]\], proceed.

Limitations
-----------

The strength of the current study is that it analyzed nationwide data from a single-ethnicity population of 50 million people to evaluate trends in the incidence and treatment of CVD associated with HS. However, the study also has limitations. First, we did not calculate the overall crude incidence for each CVD during a sufficient observational period, and thus the understanding of the natural history of each disease is limited. However, the annual crude incidence is considered more appropriate for identifying the trends reflecting the medical environment. Furthermore, it is thought that there will be limitations in obtaining an accurate crude incidence for diseases such as CVD, in which the incidence changes rapidly every year, even if a sufficient observational period is considered. Second, inaccuracies in claims data, such as coding inaccuracies, were another limitation of this study. However, a previous study, which validated the diagnosis of CVD based on ICD-10 codes, comparing Korean claims data with medical record reviews, reported a positive predictive value (PPV) of 83.4% \[[@b28-jkns-2018-0179]\]. Additionally, several studies in Taiwan validated national claims data for CVD with ICD codes, revealing high PPVs (79.0--94.0%) \[[@b6-jkns-2018-0179],[@b7-jkns-2018-0179],[@b13-jkns-2018-0179]\]. Therefore, this study is sufficiently reliable, but these limitations must be considered in the interpretation.

CONCLUSION
==========

In Korea, the age-standardized incidence in age-related CVDs, such as RIA, ICH, and RAVM, were reported at 12.6, 31.3, and 2.4 per 100000 person-years, respectively, in 2016---a declining trend. Meanwhile, UIA and UAVM showed an increasing trend in both crude incidence and age-standardized incidence over 9 years. This trend is likely the result of an increase in the detection rate of CVD and HTN through health screening and preventive surgery and blood pressure control. It may also reflect an increase in the treatment rate due to the development of endovascular treatment and, in particular, an increase in treatment rates in elderly populations. As such, changes in population structure and treatment methods affect the trends in diagnosis and treatment, making these factors particularly critical to our understanding.
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![A : Total number of patients diagnosed with UIA and both the crude incidence and age-standardized incidence of UIA showed an increasing trend over 9 years. B : Total number of patients diagnosed with RIA and the crude incidence revealed no significant change from 2008 to 2016. Meanwhile, the age-standardized incidence of RIA steadily decreased over the 9 examined years. UIA : unruptured intracranial aneurysm, RIA : ruptured intracranial aneurysm.](jkns-2018-0179f1){#f1-jkns-2018-0179}

![A and B : Crude incidence for each age group diagnosed with UIA in 2008 (A) and 2016 (B). The age-specific incidence increased for all ages over 9 years and was highest for patients in their 70s. In patients in their 20s or older, the incidence in female patients was higher than the incidence in male patients; in 2016, the largest difference was seen in patients in their 50s; the incidence in female patients was 2.0-times greater than that in male patients. C and D : Age-specific incidence for each age group diagnosed with RIA in 2008 (C) and 2016 (D). For all ages except those in their 80s, the agespecific incidence decreased over 9 years. In patients in their 50s or older, the incidence in female patients exceed that in male patients. The difference in incidence according to sex tends to increase with age; thus, in 2016, the incidence in female patients in their 60s and 70s was 1.9-times and 2.6-times higher than that in male patients, respectively. UIA : unruptured intracranial aneurysm, RIA : ruptured intracranial aneurysm.](jkns-2018-0179f2){#f2-jkns-2018-0179}

![A : In the case of UIA, CE increased by 29.5% per year over 9 years and clipping increased by 16.0% per year. The percentage of patients older than 60 years who were treated with clipping and CE treatment increased from 44.3% and 44.6% in 2008 to 50.1% and 52.6% in 2016, respectively. B : For RIA, CE increased by 97.4% over 9 years, but clipping decreased by 39.2%. CE has exceeded clipping since 2014 and was reported 2.0-times more often than clipping in 2016. The number of CEs performed in patients older than 60 years increased by 114.5%, but the number of clipping cases decreased by 28.5%. Overall, the number of treated patients older than 60 years increased from 36.6% of total treated patients for RIA in 2008 to 42.2% in 2016. UIA : unruptured intracranial aneurysm, CE : coil embolization, RIA : ruptured intracranial aneurysm.](jkns-2018-0179f3){#f3-jkns-2018-0179}

![A : Both the crude incidence and age-standardized incidence of ICH have declined over the past 8 years, while the decrease in age-standardized incidence is greater. B and C : Age-specific incidence for each age group diagnosed with ICH in 2008 (A) and 2016 (B). Overall, the crude incidence was higher in male patients, and decreased in all ages over 9 years. ICH : intracerebral hemorrhage.](jkns-2018-0179f4){#f4-jkns-2018-0179}

![A : The total number of patients diagnosed with UAVM and both the crude incidence and age-standardized incidence of UAVM showed slight increase over 9 years, although there was no significant linear trend. B : The total number of patients diagnosed with RAVM and the crude incidence revealed no significant change from 2008 to 2016. Meanwhile, the age-standardized incidence of RAVM has been decreasing steadily for 9 years. UAVM : unruptured arteriovenous malformation, RAVM : ruptured arteriovenous malformation.](jkns-2018-0179f5){#f5-jkns-2018-0179}

![A and B : Age-specific incidence for each age group diagnosed with UAVM in 2008 (A) and 2016 (B). The age-specific incidence was the highest in 60s and increased in patients older than 50 years over 9 years. Regarding the crude incidence according to sex, female patients over the age of 60 tended to have a higher crude incidence than male patients. C and D : Age-specific incidence for each age group diagnosed with RAVM in 2008 (C) and 2016 (D). The age-specific incidence of RAVM increased with age and decreased in most age groups over 9 years, except in patients older than 80 years, and did not show significant differences according to sex. UAVM : unruptured arteriovenous malformation, RAVM : ruptured arteriovenous malformation.](jkns-2018-0179f6){#f6-jkns-2018-0179}

![Craniotomy has been declining since 2008, and only 3.5% of patients diagnosed with AVM underwent craniotomy in 2016. Embolization and SRS use increased to 11.9% in 2014 and 15.9% in 2012, respectively, and then declined to 6.1% and 11%, respectively, in 2016. SRS : stereotactic radiosurgery, AVM : arteriovenous malformation.](jkns-2018-0179f7){#f7-jkns-2018-0179}
